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(54) Title: METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE WITH A SCHOTTKY JUNCTION 
(57) Abstract 

Devices with Schottky junctions are manufactured 
in that a semiconductor body (10) with a substrate (1 1) is 
provided with a first, for example n-type semiconductor 
region (1) in the form of an epitaxial layer. A Schottky 
metal (4) is locally provided thereon. A second semi- 
conductor region (2) is advantageously formed directly 
below the Schottky metal (4), with the purpose of adjust- 
ing the level of the Schottky barrier. Around this, a third 
semiconductor region (3) is formed in the first region (1) 

at at least two sides, which third region is then of the ^s'^ 
p-conductivity type and, when it entirely surrounds the f Q 

second region (2), forms a so-called guard ring (3). A 
disadvantage of the above known method is that the de- 
vices obtained thereby have a (forward) current-voltage 
characteristic which is not very well controllable and re- 
producible. This hampers mass manufacture. To counteract this disadvantage, a method according to the invention provides the formation 
of the second semiconductor region (2) by means of low-temperature gas phase epitaxy, such that it has the first or the second conductivity 
type, and the third region (3) is formed by means of ion implantation, the second semiconductor region (2) being formed after the third 
region (3) has been formed. Devices are obtained thereby whose current-voltage characteristics can be adjusted over a wide range with 
very good reproducibility and well controlled. The second semiconductor region (2) may be provided over the entire surface or selectively 
within the third region (3) only. 
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i 

Method of manufacturing a semiconductor device with a Schottky junction. 



The invention relates to a method of manufacturing a semiconductor 
device with a rectifying Schottky junction, comprising a semiconductor body with a 
semiconductor substrate, by which method a stack is formed in the semiconductor body of a 
first semiconductor region of a first conductivity type formed by means of epitaxy and a 
5 second semiconductor region having a small thickness and a high doping concentration, and 
by which method a metal layer is provided on the semiconductor body at the area of the 
second semiconductor region so as to form the Schottky junction with the semiconductor 
body, and the thickness and doping concentration of the second semiconductor region are 
-chosen such that the height of the Schottky barrier of the Schottky junction is influenced, 
10 while a third semiconductor region of a second conductivity type opposed to the first is 

provided from the surface of the semiconductor body into the first semiconductor region at at 
least two mutually opposed sides of the second semiconductor region. 

Such a method is used for giving a Schottky barrier, wherever this is 
used, a current-voltage characteristic, especially in the forward direction, which is most 
15 suitable for the application. The use of a thin, strongly doped barrier layer renders possible a 
greater variation in said characteristic than is possible, for example, through the choice of 
different Schottky metals. 

Such a method is known from US patent 4,089,020. It is described therein 
(see Fig. 4) how a first n-type semiconductor region is formed as an epitaxial layer on an n- 
20 type silicon semiconductor substrate. In the semiconductor region thus formed, a thin, 
strongly doped second semiconductor region of p-type silicon is formed by means of 
implantation, acting as a layer which influences the barrier for a Schottky junction to be 
formed. This junction is provided with an annular third semiconductor region which 
embraces the second semiconductor region at at least two mutually opposed sides, entirely 
25 surrounding it in this case, which third region is formed from the surface of the 

semiconductor body through the local diffusion into it of p-type impurities and is provided 
with a doping concentration and a geometry such that leakage currents and breakdown at the 
edge of the Schottky junction to be formed are limited and prevented, respectively, acting as 
a so-called guard ring. A metal layer of aluminum, which forms a Schottky junction with the 
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semiconductor body, is provided on the surface of the semiconductor body and in contact 

^itirtKir^cl^ The substrate is provided with an ohmic contact. 

A disadvantage of this method is that the properties of the devices 
obtained thereby, in particular the current-voltage characteristic, are not satisfactorily 
5 controllable and in addition not well reproducible. The known method is less suitable for 
mass manufacture inter alia on account of this. 

It is an object of the invention to counteract said disadvantage and to 
provide a method which yields devices with well controllable and reproducible properties. 

According to the invention, a method of the kind mentioned in the 
10 opening paragraph is for this purpose characterized in that the second semiconductor region 
is formed by means of low-temperature gas phase epitaxy and is given the first or second 
conductivity type, in that the third semiconductor region is formed by means of ion 
implantation, and in that the second semiconductor region is formed after the third 
semiconductor region has been formed. The invention is based on the surprising recognition 
15 that ion implantation is not the most suitable technique for forming the second semiconductor 
region, in particular if this region is very thin and strongly doped. A very low implantation 
energy is necessary for forming this region then, for example 5 to 15 keV. Such a low 
implantation energy is difficult to adjust and to reproduce. In addition, the use of ion 
implantation requires a subsequent heat treatment for activating the implantated ions 
20 electrically. It is necessary for this to bring the semiconductor body to, for example, 900 °C 
during 20 minutes. This is found to lead to an unacceptably great and badly controllable 
diffusion of the implanted ions, especially if a high doping concentration or a small thickness 
is chosen for the second semiconductor region, in particular when phosphorus ions are 
implanted. The invention is also based on the recognition that gas phase epitaxy is a more 
25 suitable alternative in these respects. This process can be carried out very well already at, for 
example, 700 °C, and the growing time required for very thin layers - also at the 
comparatively low growing rates which accompany such a low growing temperature - is still 
limited to, for example, one to ten minutes (inclusively^ 

fact that the third semiconductor region is formed by means of ion implantation instead of 
30 diffusion also reduces the thermal treatment of the semiconductor body required for the 
formation of this region. This benefits the sharpness of the interface between the epitaxial 
layer and the substrate. 

Since ion implantation still leads to an unacceptable thermal load on the 
second semiconductor region, as was discussed above, the gas phase epitaxy for forming the 
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second semiconductor region is not carried out until after the third semiconductor region has 
been formed. by means of implantation in the method according to the invention. This is also 
surprising because in general a diffusion and an implantation (including annealing) are 
carried out after any gas phase epitaxy. The invention is also partly based on the recognition 

5 and the experimental confirmation thereof that the consequence of the above, i.e. that the 
second semiconductor region lies above the third semiconductor region, does not have any 
negative consequences for a good operation of the obtained device. This holds irrespective of 
the conductivity type of the second semiconductor region, which may be equal to or opposed 
to that of the third semiconductor region. Thanks to this freedom, the barrier of the Schottky 

10 junction can be raised as well as lowered, which considerably widens the range over which 
the current-voltage characteristic can be varied. The devices obtained by the method 
according to the invention are found to have very well controllable and reproducible 
properties. As a result of this, and because the method according to the invention is simple, 
the latter is eminently suitable for mass manufacture of in particular discrete Schottky diodes. 

15 

In a first embodiment of a method according to the invention, after the 
third semiconductor region has been provided in the first semiconductor region, first the 
second semiconductor region is provided over the entire surface of the semiconductor body., 
by means of non-selective gas phase epitaxy, and subsequently the metal layer is provided by 

20 means of non-selective deposition, whereupon the metal layer is removed from outside an 
edge which lies within the third semiconductor region, as seen in projection. Such a method 
has the important advantage that it comprises comparatively few steps. The metal layer may 
be provided in the same piece of equipment in which the second semiconductor region is 
formed. The devices obtained by this embodiment of the method have excellent properties. A 

25 silicon nitride layer may be provided over the surface, with a contact opening therein above 
the metal layer, by means of a plasma deposition technique for the purpose of passivating the 
device. 

In an embodiment which is also very favourable, after the formation of 
the first and third semiconductor regions, the surface of the semiconductor body is provided 
30 with an electrically insulating layer which is subsequently provided with an opening whose 
edge, seen in projection, lies within the third semiconductor region, after which the second 
semiconductor region is provided in said opening by means of selective gas phase epitaxy, 
and finally the metal layer is deposited over the surface of the semiconductor body and 
removed again outside an edge which, seen in projection, lies outside the second 
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semiconductor region. Devices with excellent properties are obtained also by means of this 

embodiment of the method. The method is still comparatively simple, and the devices 
obtained already have a reasonably good passivation owing to the electrically insulating layer 
which comprises, for example, silicon dioxide. 
5 In a preferred modification of the latter embodiment, a first electrically 

insulating layer is provided on the surface of the semiconductor body after the formation of 
the first semiconductor region, an opening is formed in said layer through which the third 
semiconductor region is formed, then the portion of the first electrically insulating layer 
situated within the third semiconductor region is removed, and subsequently a second 
10 electrically insulating layer is provided over the surface of the semiconductor body and is 
provided with the opening in which the second semiconductor region is formed. This 
modification is also still comparatively simple and combines well with the methods usual in 
the production of especially Schottky diodes. The devices also have a good passivation. The 
first and second electrically insulating layers preferably comprise silicon dioxide and silicon 
15 nitride, respectively. The former is preferably obtained by means of a thermal oxidation, 

preferably at a temperature of 1100 °C, and the latter is preferably provided by means of an 
LPCVD (= Low Pressure Chemical Vapor Deposition) technique. 

Preferably, a thickness which lies between 5 and 50 nm is chosen for the 
thickness of the second semiconductor region, preferably a thickness which is approximately 
20 10 nm. Preferably, a doping concentration which lies between 10 17 and 10 20 at/cnv\ 
preferably equal to approximately 1 to 5 x 10 18 at/cm 3 , is chosen for the doping 
concentration of the second semiconductor region. The above domains provide a sufficient 
freedom in practice for realizing the desired variations in the current-voltage characteristic of 
the device under manufacture, taking into account both the n-type and the p-type conductivity 
25 for the second semiconductor range. 

The second region is preferably given a comparatively great thickness and 
a comparatively high doping concentration with a view to the accuracy and the 

growing time or the growing temperature must be increased somewhat. This would render 
30 the transition between the first and the second region vaguer as a result of diffusion, 

particularly when the doping concentration of the second region is comparatively high. This 
is undesirable. The growing rate becomes higher for a given temperature in that a mixture of 
silicon and germanium is chosen as the material of the second region. The growing time and 
growing temperature can then be chosen to be as low as possible. 
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Good results are obtained when the growing temperature is chosen to lie 
between 625 and 850 °C during the process of providing the second semiconductor region. 
The best results are obtained at approximately 700 °C. The ion implantation by means of 
which the third semiconductor region is formed is preferably annealed in the temperature 
5 range from 850 to 1000 °C, and preferably between 900 and 1000 °C. 

The invention also relates to a semiconductor device manufactured by a 
method according to the present invention. 

The invention will now be explained with reference to two embodiments 
and a drawing, in which 
10 Figs. 1 to 5 diagrammatically show a semiconductor device with a 

Schottky junction in a cross-section taken perpendicular to the thickness direction in 
consecutive stages of its manufacture by means of a first embodiment of a method according 
to the invention, 

Figs. 1 to 3 and 6 to 9 diagrammatically show a semiconductor device 
15 with a Schottky junction in a cross-section taken perpendicular to the thickness direction in 
consecutive stages of its manufacture by a second embodiment of a method according to the 
invention, and 

Fig. 10 shows the forward current- voltage characteristics of five 
semiconductor devices with Schottky junctions, four of which were manufactured by a 
20 method according to the invention, while one serves as a reference. 

The Figures are not drawn true to scale, the dimensions in the thickness 
direction being particularly exaggerated for greater clarity. Corresponding regions have been 
given the same reference numerals as much as possible, and regions of the same conductivity 
type have been given the same hatching as much as possible. 
25 Figs. 1 to 5 show a semiconductor device with a Schottky junction 

diagrammatically and in a cross-section perpendicular to the thickness direction in 
consecutive stages of its manufacture by a first embodiment of a method according to the 
invention. The finished device (see Fig. 5) comprises a semiconductor body 10 with a 
semiconductor substrate 11 on which a stack is formed of a first semiconductor region 1 of a 
30 first conductivity type, here the n-type, a second semiconductor region 2, and a metal layer 4 
which forms a Schottky junction with the semiconductor body 10. The second semiconductor 
region 2 has a high doping concentration and a small thickness and forms a region with 
which the barrier height of the Schottky junction can be adjusted. The semiconductor body 
10 further comprises a third semiconductor region 3 of a second conductivity type opposed to 
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the first, i.e. the p-type in this case. The third region 3 surrounds the second j*egion JZ_and 



has a doping concentration and geometry such that edge breakdown is avoided during 

operation of the Schottky junction. The electrical connections of the device, for example in 
the form of a wire or solder connection or a conductor track, have not been shown in the 
5 drawing. 

The device is manufactured as follows by a first embodiment of a method 
according to the invention. Manufacture starts (see Fig. 1) with a substrate 11 of n-type 
silicon having a doping concentration of 10 19 at/cm 3 and a thickness of 750 fim. On this 
substrate 11, a first semiconductor region 1 of n-type silicon is formed by means of epitaxy, 

10 non-selective gas phase epitaxy in this case at a temperature of 1050 °C. The thickness of the 
region 1 is approximately 8 /xm and its doping concentration is 10 15 at/cm 3 . Then (see Fig. 
2) the surface of the semiconductor body 10 is provided with a masking layer 5, here a 
thermal oxide with a thickness of 650 nm, in which an opening 8, an annular opening here, 
with an internal diameter of 122 jzm and an external diameter of 130 pm, is made by means 

15 of photolithography and etching. Subsequently (see Fig. 3), according to the invention, the 
third, p-type semiconductor region 3 is formed through the opening 8 by means of ion 
implantation. The implantation, with boron atoms in this case, takes place at an energy level 
of 40 keV and with a flux of 4 x 10 14 at/cm 2 , such that the third semiconductor region is 
given a thickness of approximately 1 jim. This takes place before the second region 2 is 

20 formed, according to the invention. After the implantation, the semiconductor body 10 is 

annealed for 140 minutes at a temperature of 1050 °C in an atmosphere comprising nitrogen. 
After removal of the masking layer 5 and a usual cleaning of the semiconductor body 10, the 
second semiconductor region 2 (see Fig. 4) is formed according to the invention by means of 
low-temperature gas phase epitaxy. The epitaxial growth takes place by means of a gas 

25 mixture of hydrogen and monocholoro- or dichlorosilane at a temperature of 700 °C. The 
growing rate under the conditions given is 6 to 7.5 nm/min, and the growing time required 
for the thickness of 10 nm chosen here accordingly amounts to one to two minutes. The 
second region 2 is given a doping c^c^ 

growing process. The growing process is non-selective, i.e. the second region 2 covers the 
30 entire surface of the semiconductor body 10. The same is true for the metal layer 4 which is 
subsequently provided and for which an alloy of titanium and tungsten is chosen comprising 
10% titanium by weight. The metal layer 4 is deposited in a sputtering process and is 
subsequently brought into the desired pattern by means of photolithography and etching. 

Finally (see Fig. 5), the lower side of the substrate 11 is provided with a 
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metal layer 7, here a mixture of gold and arsenic, which forms an ohmic contact with the 
substrate 11.. Only a single semiconductor device, i.e. a single Schottky junction, is shown in 
the drawing. It will be obvious, however, that a large number of such devices is obtained 
simultaneously and that individual devices are obtained from the semiconductor body 10 
5 through separation, for example by means of sawing. The dimensions of a device, square in 
this case, are 0.1 x 0.1 mm 2 . The metal layer 4 is round with a diameter of 126 /xm and a 
thickness of 100 nm. 

It is avoided in a method according to the invention that an unacceptably 
great, uncontrollable and badly reproducible diffusion takes place from the second 
10 semiconductor region 2, thanks to the use of the low-temperature gas phase epitaxy for the 
formation of this second region 2. This is true in particular when a small thickness or a high 
doping concentration is chosen for the second semiconductor region 2, or when phosphorus 
ions are implanted therein. The formation of the third semiconductor region 3 by means of 
ion implantation instead of diffusion also reduces the thermal treatment of the semiconductor 
15 body 10 required for forming this third region. This benefits the sharpness of the interface 
between the epitaxial layer 1 and the substrate 11. Since ion implantation still brings with it 
an unacceptable thermal load on the second semiconductor region 2, the gas phase epitaxy - 
for forming the second semiconductor region 2 is not carried out, according to the invention, 
until after the third semiconductor region 3 has been formed by means of implantation. This 
20 is an unusual sequence. However, a consequence of the method according to the invention, 
i.e. that the second semiconductor region 2 is present above the third semiconductor region 
3, is found not to detract from a good operation of the device obtained. This is true 
irrespective of the conductivity type of the second semiconductor region, which is allowed to 
be equal to as well as opposed to that of the third semiconductor region. This freedom means 
25 that the barrier of the Schottky junction can be raised as well as lowered, which considerably 
widens the range over which the current-voltage characteristic can be varied. 

Figs. 1 to 3 and 6 to 5 show a semiconductor device with a Schottky 
junction diagrammatically and in a cross-section perpendicular to the thickness direction in 
consecutive stages of its manufacture by a second embodiment of a method according to the 
30 invention. The finished device (see Fig. 9) substantially has the same construction as that of 
the first embodiment. The discussion thereof with reference to Fig. 5 may be consulted for 
this again. The main difference is that the second semiconductor region 2 does not extend 
over the entire surface of the semiconductor body 10 here but is present exclusively above 
and, seen in projection, within the third semiconductor region 3. Around the second region 
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2, there is a stack comprising a first insulating layer 5 and a second insulating layer 6_which^ 
separate the metal layer 4, in as far as this lies outside the third region 3, from the" 
semiconductor body. 

This example of a device is manufactured as follows by a second 

5 embodiment of a method according to the invention. The first steps are the same as described 
for the first embodiment, to which reference is made here, see Figs. 1 to 3. The inner 
portion of the first insulating and masking layer 5 is now removed by means of 
photolithography and etching (see Fig. 6). Then (see Fig. 7) a second electrically insulating 
layer comprising silicon nitride is provided, by means of LPCVD in this case. This layer 6 is 

10 then patterned by means of photolithography and etching, such that the surface of the 

semiconductor body 10 is exposed within an opening 9. Subsequently (see Fig. 8), according 
to the invention, the second semiconductor region 2 is formed by means of low-temperature 
gas phase epitaxy, selective epitaxy in this case. The epitaxial growing process takes place 
under the same conditions as explained above for the first embodiment. Under these 

15 conditions, the second region 2 is formed exclusively within the opening 9 in the first and 
second insulating layers 5, 6 in this embodiment because no growth takes place on the 
second insulating layer 6 of silicon nitride. The metal layer 4 (see Fig. 9) is deposited and 
patterned in the same manner as described for the first embodiment. The metal layer 4 then 
extends partly over the second insulating layer 6, so that a contact may be readily made 

20 thereon. The provision of the conductive layer 7 is also effected in a corresponding manner. 
The dimensions and compositions of the various regions are chosen to be the same as those 
of the first embodiment. The thickness of the second insulating layer 6 is 200 nm here. 
Besides the advantages listed for the first embodiment, this embodiment of the method has 
the important additional advantage that two Schottky diodes lying side by side may be fully 

25 insulated from one another. This renders it easy to manufacture also devices which comprise, 
for example, two or more Schottky diodes within one semiconductor body. More in 
particular, this renders it possible to integrate a device according to the invention more easily 
with other components, fw.example, * 

■On,, i.* .audi****.:'! - •■"•"w j*|JN!'mHW ■''*»'■• '*v wt* •& ^J*JWJiB> 

Fig. 10 shows the forward current- voltage characteristics of five 
30 semiconductor devices with Schottky junctions, four of which were manufacture by a method 
according to the invention, while one served as a reference. In the latter device, the second 
semiconductor region 2 is absent, and the current-voltage characteristic in the forward 
direction corresponds to curve 101. The other curves represent said characteristics for 
devices manufactured by a method according to the invention, in which 10 nm was chosen 
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for the thickness of the second semiconductor region 2. The n-conductivity type was chosen 
for the second semiconductor region 2 in the cases of curves 102 and 103, and the* doping 
concentrations were 1 x 10 18 and 3 x 10 18 at/cm 3 , respectively. Curves 104 and 105 relate to 
a second semiconductor region for which the p conductivity type was chosen and where the 

5 doping concentrations were again 1 x 10 18 and 3 x 10 18 at/cm 3 , respectively. These 
characteristics render it clear that devices are obtained by a method according to the 
invention whose current-voltage characteristics are adjustable over a wide range in a simple 
manner. The reverse currents of the devices at 1 V are 6, 8, 40, 2, and 0.6 x 10" 6 A in the 
cases corresponding to curves 101 to 105, respectively, rising evenly and slightly with a rise 

10 in voltage. The breakdown voltages are between 50 and 60 V. The barrier was lowered by 
13 and 52 meV in the devices corresponding to curves 102 and 103, respectively, and the 
barriers were raised by 33 and 69 meV in the devices corresponding to curves 104 and 105, 
respectively. 

The invention is not limited to the embodiments given, since many 
15 modifications and variations are possible to those skilled in the art within the scope of the 
invention. Thus thicknesses, (semiconductor) materials, or compositions other than those 
mentioned in the examples may be used. It is also possible to replace all conductivity types 
used simultaneously with their opposites. 

Instead of a strongly doped semiconductor substrate with an epitaxial layer 
20 as the first region, it is also possible to use a weakly doped substrate in which the first 

region is formed by diffusion. A contact diffusion is then provided for contacting the lower 
side before the conductive layer is provided. 

Several process steps not relevant to the invention may be carried out in 
an alternative manner; thus an oxide layer obtained by oxidation may alternatively be 
25 obtained through deposition from the gas phase or from a plasma. 

It is finally noted that the method is not limited to the manufacture of 
Schottky diodes, whether or not discrete. Thus, for example, MESFETs (= MEtal 
Semiconductor Field Effect Transistors), again discrete or not, may be manufactured. The 
gate in such a transistor forms a Schottky junction with the semiconductor body. The third 
30 region in that case comprises two sub-regions which form the source and the drain, 
respectively, of the transistor. 
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CLAIMS 



1. A method of manufacturing a semiconductor device with a rectifying 
Schottky junction, comprising a semiconductor body (10) with a semiconductor substrate 
(11), by which method a stack is formed in the semiconductor body (10) of a first 
semiconductor region (1) of a first conductivity type formed by means of epitaxy and a 

5 second semiconductor region (2) having a small thickness and a high doping concentration, 
and by which method a metal layer (4) is provided on the surface of the semiconductor body 
(10) at the area of the second semiconductor region (2) so as to form the Schottky junction 
with the semiconductor body (10), and the thickness and doping concentration of the second 
semiconductor region (2) are chosen such that the height of the Schottky barrier of the 

10 Schottky junction is influenced, while a third semiconductor region (3) of a second 

conductivity type opposed to the first is provided from the surface of the semiconductor body 
(10) into the first semiconductor region (1) at at least two mutually opposed sides of the 
second semiconductor region (2), characterized in that the second semiconductor region (2) is 
formed by means of low-temperature gas phase epitaxy and is given the first or second 

15 conductivity type, in that the third semiconductor region (3) is formed by . means of ion 
implantation, and in that the second semiconductor region (2) is formed after the third 
semiconductor region (3) has been formed. 

2. A method as claimed in claim 1, characterized in that the third 
semiconductor region is provided so as to surround the second semiconductor region entirely 

20 and is provided with a doping concentration and a geometry which are such that leakage 
currents and breakdown at the edge of the Schottky junction are avoided. 

3. A method as claimed in claim 1 or 2, characterized in that, after the third 
jsemispn^ w ' 
second semiconductor region (2) is provided over the entire surface of the semiconductor 

25 body (10) by means of non-selective gas phase epitaxy, and subsequently the metal layer (4) 
is provided by means of non-selective deposition, whereupon the metal layer (4) is removed 
from outside an edge which lies within the third semiconductor region (3), as seen in 
projection. 

4. A method as claimed in claim 1 or 2, characterized in that, after the 
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formation of the first and third semiconductor regions (1, 3), the surface of the 
semiconductor body (10) is provided with an electrically insulating layer (5) which is 
provided with an opening (9) whose edge, seen in projection, lies within the third 
semiconductor region (3), after which the second semiconductor region (2) is provided in 
5 said opening (9) by means of selective gas phase epitaxy, and finally the metal layer (4) is 
deposited over the surface of the semiconductor body (10) and removed again outside an 
edge which, seen in projection, lies outside the second semiconductor region (2). 

5. A method as claimed in claim 4, characterized in that a first electrically 
insulating layer (5) is provided on the surface of the semiconductor body (10) after the 

10 formation of the first semiconductor region (1), an opening (8) is formed in said layer 
through which the third semiconductor region (3) is formed, then the portion of the first 
electrically insulating layer (5) situated within the third semiconductor region (3) is removed, 
and subsequently a second electrically insulating layer (6) is provided over the surface of the 
semiconductor body (10) and is provided with the opening (9) in which the second 

15 semiconductor region (2) is formed. 

6. A method as claimed in any one of the preceding claims, characterized in ^ 
that a thickness which lies between 5 and 50 nm is chosen for the thickness of the second ^ 
semiconductor region (2), preferably a thickness which is approximately 10 nm. _ 5 

7. A method as claimed in any one of the preceding claims, characterized in 

20 that a doping concentration which lies between 10 17 and 10 20 at/ cm 3 , preferably equal to ^ 
approximately 3 x 10 18 at/ cm 3 , is chosen for the doping concentration of the second 
semiconductor region (2). 

8. A method as claimed in any one of the preceding claims, characterized in 
that a temperature which lies between 625 and 850 °C, and which is preferably 

25 approximately 700 °C, is chosen as the growing temperature for the second semiconductor 
region (2). 

9. A method as claimed in any one of the preceding claims, characterized in 
that a mixture of silicon and germanium is chosen for the semiconductor material of the 
second semiconductor region. 

30 10. A semiconductor device manufactured by a method as claimed in any one 

of the preceding claims. 



BNSDOCID: <WO 991 2188 A2_l_> 



0 



WO 99/12188 PCT/IB98/01240 

0 



10 



10 



10 



10 





-11 





3 4 

4— \- 




-2 
•1 



4 3 




FIG.1 



FIG. 2 



FIG. 3 



FIG. 4 



FIG. 5 



BNSOOCID: <WO 9912188 A2_l_> 




BNSDOCID: <WO 99121S8A2J_> 



WO 99/12188 



3/3 



PCT/IB98/0I240 




•►V (Volt) 



FIG. 10 



BNSDOCID: <WO 991 2188 A2_l_> 



INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
H01L 29/872, 21/205, 21/66 



A3 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/12188 

11 March 1999 (11.03.99) 



(21) International Application Number: PCT/ IB 98/0 1 240 

(22) International Filing Date: 12 August 1998 (12.08.98) 



(30) Priority Data: 

97202711.4 



3 September 1997 (03.09.97) EP 



(71) Applicant: KONINKLIJKE PHILIPS ELECTRONICS N.V. 

[NL/NLJ; Groenewoudsewee 1, NL-5621 BA Eindhoven 
(NL). 

(71) Applicant (for SE only): PHILIPS AB [SE/SE]; Kottbygatan 7, 

Kista, S-164 85 Stockholm (SE). 

(72) Inventors: BROWN, Adam, Richard; Prof. Holstlaan 6, 

NL-5656 AA Eindhoven (NL). DE BOER, Wiebe, Barteld; 
Prof. Holstlaan 6, NL-5656 AA Eindhoven (NL). 

(74) Agent: S MEETS, Eugenius, T., J., M.; Internationaal Oc- 
trooibureau B.V., P.O. Box 220, NL-5600 AE Eindhoven 
(NL). 



(81) Designated States: JP, European patent (AT, BE, CH, CY, DE, 
DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(88) Date of publication of the international search report: 

27 May 1999 (27.05.99) 



(54) Title: METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE WITH A SCHOTTKY JUNCTION 
(57) Abstract 

Devices with Schottky junctions are manufactured 
in that a semiconductor body (10) with a substrate (11) is 
provided with a first, for example n-type semiconductor 
region (1) in the form of an epitaxial layer. A Schottky 
metal (4) is locally provided thereon. A second semi- 
conductor region (2) is advantageously formed directly 
below the Schottky metal (4), with the purpose of adjust- 
ing the level of the Schottky barrier. Around this, a third 
semiconductor region (3) is formed in the first region (1) 
at at least two sides, which third region is then of the 
p-conductivity type and, when it entirely surrounds the ^0 
second region (2), forms a so-called guard ring (3). A 
disadvantage of the above known method is that the de- 
vices obtained thereby have a (forward) current-voltage 
characteristic which is not very well controllable and re- 
producible. This hampers mass manufacture. To counteract this disadvantage, a method according to the invention provides the formation 
of the second semiconductor region (2) by means of low-temperature gas phase epitaxy, such that it has the first or the second conductivity 
type, and the third region (3) is formed by means of ion implantation, the second semiconductor region (2) being formed after the third 
region (3) has been formed. Devices are obtained thereby whose current-voltage characteristics can be adjusted over a wide range with 
very good reproducibility and well controlled. The second semiconductor region (2) may be provided over the entire surface or selectively 
within the third region (3) only. 




BNSDOCID: <WO 99l2l88A3J_> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho , 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 

. BJ *v 


Bulgaria 


HU Hungary 


ML 

MN 


«&s&~±. . 

Mongolia 


UA 


.^Trinidad, and ilobago^ 
Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MVV 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JF 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


tNO 


Norway 


z\v 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


IT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID: <WO 9912188A3_I_> 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/IB 98/01240 


A. CLASSIFICATION Of SUIJJIiCI MA I I I K 



IPC6: H01L 29/872, H01L 21/205, H01L 21/66 

According lo I nter national Patent Classification (IPC) or to both national classification and IPC 

D. HELPS SEARCH MP 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H01L 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 

lilectronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



WPI. EP0D0C, PAJ, NPL 



c. documents considi;ri:d to iji-; ki:i.i:vani 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 4310362 A (MARCEL ROCHE ET AL) , 12 January 1982 
(12.01.82) 


1-10 


A | 


US 4481041 A (JbRG MuLLER) , 6 November 1984 
(06.11.84) 


1-10 


A 


US 4260431 A (LEO R. PIOTROWSKI ) , 7 April 1981 
(07.04.81) 


1-10 


A 


US 4096622 A (BERNARD A. MACIVER) , 27 June 1978 
(27.06.78) 


1-10 


| yj Further documents arc listed in the continuation of Box C. | )(| Sec patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which i.s not considered 

to he of particular relevance 
"11" erfier document hut published on or afler the international filing date 

"L" document which may throw douhts on priority claim(s) or which is 
cited to cstahlish the puhli cation date of another citation or cither 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior lo the international filing date hut later than 
the pnonty date claimed 



"V" later document puhli shed after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot he considered lo involve an inventive 
step when the document is taken alone 

" V" document of parueular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
comhincd with one or more other such documents, such combination 
hcing ohvious to a person skilled in the art 

"Sc" document member of the same patent family 



Dale of the actual completion of'thc international search 

30 March 1999 


Date of mailing of the international search report 

0 6 -04- 1999 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. -1-46 8 666 02 86 


Authorized officer 

Par Moritz 

Telephone No. -f 46 8 782 25 01) 



Form PC17ISA/210 (second sheet) (July 1992) 
: <WO 9912188A3J_> 



INTERNATIONAL SEARCH REPORT 



International application No. 

-PGT/IB-98/0 1-240 



C (Continuation). DOCUMENTS CONS1 01- Kf: D I () Hli RF'I.I-VANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No, 



US 4089020 A (TAKAHIDE IKEDA ET AL), 9 May 1978 
(09.05.78) 



1-10 



Form PCT/ IS A/21 U (continuation of second sheet) (July IW2) 
BNSDOCID: <WO 9912188A3_I_> 



c 



ft 



INTERNATIONAL SKAKCII RKPORT 

Informntion on patent family members 


02/03/99 


internals 

PCT/IB 


Mini application No. 

98/01240 


Patent document 
cited in search report 


Publication 
date 


Patent family 
mcmber(s) 


Publication 
dale 



US 4310362 A 12/01/82 EP 0021869 A,B 07/01/81 

FR 2460040 A,B 16/01/81 



US 4481041 A 06/11/84 DE 3124572 A 30/12/82 

EP 0068392 A,B 05/01/83 
JP 58002076 A 07/01/83 



US 4260431 A 07/04/81 NONE 

US 4096622 A 27/06/78 NONE 



US 4089020 A 09/05/78 DE 2616576 A.B.C 21/10/76 

JP 51120674 A 22/10/76 



Form l'CrVISA/210 (patent family annex) (July 1992) 

BNSDOCID: <WO 9912188A3_I_> 



THIS PAGE BLANK (usno) 



... «fc at******. ■ » • - •hv» — - ■ * - >■ ^ - ■ 



